It is well known that auditory and visual onsets presented at a particular location can capture our visual attention. However, the question whether or not such attentional capture disappears when attention is focused endogenously beforehand has not yet been answered. Moreover, previous studies have not differentiated between capture by onsets presented at a non-target (invalid) location and possible performance benefits occurring when the target location is (validly) cued. In this study we modulated the degree of attentional focus by presenting endogenous cues with varying reliability and by displaying placeholders indicating the precise areas where the target stimuli could occur. By using not only valid and invalid exogenous cues, but also neutral cues which provide temporal but no spatial information, we found performance benefits as well as costs when attention is not strongly focused. The benefits disappear when the attentional focus is increased. Our results indicate that there is bottom-up capture of visual attention by irrelevant auditory and visual stimuli that can not be suppressed by top-down attentional control.
Introduction
Covert visual attention can be directed to a specific location in the visual world without making eye movements. This can happen voluntarily by steering attention endogenously to that location or automatically, when attention is exogenously captured. Endogenous attention has been compared metaphorically to a spotlight that casts its light on relevant visual information (Broadbent, 1982; Posner, Snyder, & Davidson, 1980) and that can be directed to a target location by presenting an informative cue prior to the target. An example of such a cue is an arrow displayed at the center of the visual field which points with a high probability (e.g., 80% valid) to a possible target location. Exogenous capturing of attention can for example be evoked by a visual onset occurring at the target location. Exogenous cues can shorten reaction times to targets even when the cues do not reliably predict (with a validity at chance level) the location of the upcoming target (e.g., Jonides, 1981; Yantis & Jonides, 1984) . Exogenous cueing is not restricted to the visual modality alone: tactile (Posner, 1978; Spence & McGlone, 2001) , and auditory cueing effects (Spence & Driver, 1994) have also been reported. Both endogenous and exogenous cues can cause an object appearing at an attended location to be detected faster and more accurately than an object appearing at an unattended location (Posner, 1980; Posner et al., 1980) . However, peripheral exogenous cues capture attention automatically, while central endogenous cues seem to be less obligatory (e.g., Jonides, 1981; Theeuwes, 1991; e.g., Yantis & Jonides, 1984) .
Both endogenous and exogenous cueing effects can be described by the allocation of attentional resources to a cued location. For endogenous cueing these attentional shifts are controlled in top-down fashion and for exogenous cueing these shifts are enforced by bottomup processes. While these processes of endogenous and exogenous visual attention have mostly been studied in separate paradigms, there have also been studies that looked at the interactions between both attentional processes (Jonides, 1981; Muller & Rabbitt, 1989; 4 Theeuwes, 1991; Yantis & Jonides, 1990) . Theeuwes (1991) investigated the relation between exogenous and endogenous visual attention within a single paradigm. In this study participants had to identify a target letter among three distractor letters all positioned equidistantly on an imaginary circle. An endogenous cue (a centrally presented arrow) reliably indicated the location of the target. In addition, a non-predictable exogenous visual onset cue was presented near one of the letters. When the central arrowhead was presented after the exogenous cue, attention was drawn to the location of the exogenous cue. But when the central arrowhead was presented prior to the presentation of the exogenous cue, attention was in a focused state and therefore the exogenous cue had no effect. These results show that exogenous capture of attention can cease to exist when attention is endogenously focused on a location in space. In other words, typically, exogenous events do not cause interference when presented ouside the focus of attention (for similar results see also, Yantis & Jonides, 1990 ).
The observed suppression of visual exogenous events suggests that visual exogenous attention is not a completely automatic process.
Endogenous and exogenous cueing effects across modalities were demonstrated in two studies by Spence and Driver (1996; 1997) . In these studies participants had to perform an orthogonal cueing task in which they had to make an elevation judgment (up vs. down) regarding auditory or visual targets presented to the left or right of fixation. Loudspeakers and LED's, mounted in front of the loudspeakers were used to generate target stimuli. In the first study (Spence & Driver, 1996) , participants were presented with an endogenous cue (a central arrowhead) indicating that the target was more likely to appear on the side indicated by the cue. When the cue was valid, participants were faster to make an elevation judgment to that side, regardless of the modality in which the target was presented. In the second study (Spence & Driver, 1997 ) the target side was cued (exogenously) at chance level by a visual (LED onset) or auditory (pure tone) cue presented at the same eccentricity as the targets. For the crossmodal conditions ('visual cue and auditory target' or 'auditory cue and visual target'), there was only a cueing effect when a visual target was preceded by an auditory cue but not vice versa. For the unimodal conditions ('visual cue and visual target' or 'auditory cue and auditory target') both visual and auditory cueing effects were found. Spence, McDonald, and Driver (2004) attribute this observed asymmetry to a higher spatial resolution of the visual compared to the auditory perceptual system. Presumably, this difference in resolution is associated with a corresponding difference in the size of the spatial area that is attended.
According to Spence and colleagues, "when testing for visual-upon-auditory The finding of cueing effects across modalities raises the question whether unimodal and crossmodal cueing effects are based on similar processes. One way to investigate this issue is to test whether effects reported in unimodal conditions would also apply to crossmodal conditions. For example, if cross-modal attention is similar to unimodal attention, one would expect similar effects as reported by Theeuwes (1991) . In other words, both auditory and visual exogenous events should cease to capture attention when visual attention is in a focused state.
In a recent study, Van der Lubbe and Postma (2005) tested this notion. They used a variation on the orthogonal cueing task. Participants had to perform a discrimination task on targets presented as arrowheads pointing up or down. These targets were displayed on LED In a recent study by Mazza, Turatto, Rossi, and Umilta (2007) participants performed an orthogonal crossmodal cueing task similar to the one used by Spence and Driver (1997) . In their first experiment the target side was random and results (for a 150 ms cue-target interval)
showed both unimodal visual and auditory cueing effects, but only a crossmodal cueing effect when a visual target was preceded by and auditory cue. These results replicate the crossmodal cueing asymmetry shown by Spence and Driver (1997) . In their second experiment the target side remained the same during an entire block. Thus, participants knew at which location the target would appear while they were also presented with non-predictive exogenous cues. Theeuwes (1991) , and Yantis and Jonides (1990) .
A recent study by , used an orthogonal cueing paradigm similar to the one used by Spence and Driver (1997) . Their design however only contained elevation judgments concerning visual targets. In addition to the elevation judgment task, a second task was introduced to keep the participants' attention focused to the centre of the display. In this additional task, observers had to respond to digits embedded in a stream of letters presented in a rapid serial visual presentation (RSVP). In the high-load condition, a target digit was presented centrally in 67% of the trials and a peripheral target for the elevation judgment task was presented in the remaining 33% of the trials. In the no-load condition no RSVP stream was presented. In all trials a peripheral visual, auditory, or bimodal (visual and auditory) exogenous cue was presented on the left or the right side. With respect to the position of the peripheral targets, these cues could either be valid or invalid. The results for the no-stream condition showed auditory, visual, and bimodal cueing effects. However, in the high-load condition only a bimodal cueing effect was observed. These results indicate that unimodal and crossmodal exogenous cueing effects disappear when, in addition to the cueing task, participants focus their attention on an RSVP stream containing a possible target. within-modality cueing are in essence the same as those of Theeuwes (1991) and Mazza and colleagues (2007) . Another issue is that all studies quantify attentional capture by taking the difference between response times for valid and invalid exogenous cues. It is typically assumed that effects of endogenous and exogenous cueing are due to attention shifts to or away from the target (Jonides, 1981; Posner, 1980; Spence & Driver, 1996) . However, it is not clear whether this holds for the observed cueing effects found in these and other studies (e.g., Spence & Driver, 1997) . More specifically, one can ask the question whether crossmodal cueing effects are the result of 'costs' by attention being drawn 9 away (captured) to an invalid cue location, and/or of 'benefits' of attention being captured by a valid cue location. No previous attempts have been made to separate these two components, although it seems evident that a factor such as the strength of the (endogenous) attentional focus will affect them differently. A further issue that complicates comparison of the above studies is that eye movements were not always registered (e.g. Mazza et al., 2007) . In particular when participants are instructed to endogenously focus their attention on a location prior to the presentation of a target, one cannot exclude the possibility that they will make eye movements (thus introducing a confounding factor).
In order to shed more light on these issues we have conducted a series of experiments based on the classic orthogonal cueing paradigm introduced by Spence and Driver (1994) . We used both exogenous and endogenous cues and we modulated the degree to which observers focused their attention on the target location. This modulation was achieved by changing the validity of the endogenous cue and by using placeholders that indicate the precise spatial region where the target is about to appear. Furthermore, we included a baseline condition in which the exogenous cue provided temporal, but no (reliable) spatial information (for elaborate explanation on this topic see, Jonides & Mack, 1984) . This condition enables us to separate performance costs due to invalid cues from benefits caused by valid cues. A spatially neutral auditory cue was created by simultaneously presenting two uncorrelated noise bursts from two loudspeakers, which in our setup were located to the left and right of the monitor on which the visual stimuli were presented. This causes a broad spatial percept in front of the participant, which extends to the sides beyond both loudspeakers (Blauert, 1997) . Note that the use of uncorrelated signals is essential here because two correlated signals are perceived as a easily localizable sound in the middle between the two loudspeaker positions (in our case this would be directly in front of the participant) due to summing localization (Blauert, 1997) .
This principle for creating spatially neutral auditory cues was used in all our experiments. In our final experiment, we also presented a neutral visual cue which was created by simultaneously displaying cues on both possible target locations. In all experiments except the first one (which did not include endogenous cues), eye movements were monitored to make sure all observed cueing effects could be attributed to covert attention
In our first experiment we validated our paradigm and specific setup by replicating the crossmodal cueing effects found earlier by Spence and Driver (1997) and others.
Additionally, we introduced the spatially neutral auditory cue that allowed us to specify the observed cueing effect in terms of 'costs' and 'benefits'. In Experiments 2 and 3 endogenous cueing was added by means of a central arrowhead presented prior to the auditory cue indicating the correct target side in 80% or 100% of the trials, respectively. In Experiment 4
we investigated whether the addition of placeholders, which are assumed to induce an even stronger attentional focus on the position of the target side prior to its appearance, would alter the previously observed cueing effect. Finally, in Experiment 5 we directly compared effects of crossmodal (auditory) and unimodal (visual) cueing in conditions with and without endogenous focus of visual attention.
It should be noted that there is an ongoing discussion concerning the use of arrowheads as endogenous cues (Hommel, Pratt, Colzato, & Godijn, 2001; Santangelo & Spence, in press ). We are aware of the fact that some studies show that arrowheads can also have an exogenous cueing effect when presented at chance level. This is probably due to the fact that overlearned symbols are almost automatically processed (Hommel et al., 2001 ) and are therefore directing attention partly bottom-up. Possibly, there are also exogenous effects of the arrowheads that we have used but because they were presented at least 650 ms before the target and were always followed by an exogenous location cue, it is unlikely that they have influenced our results.
Experiment 1
The task in this experiment was similar to the orthogonal cueing task used by Spence and Driver (1997) . Instead of using LED's, visual stimuli were presented on a computer screen.
The loudspeakers that generated the auditory cues were located to the left and right of the computer screen (for comparable setup see Mondor & Amirault, 1998; Talsma & Woldorff, 2005b) . We used only auditory cues in combination with visual targets, and presented the cues at an SOA of 200 ms, because this condition yielded a large cueing effect in earlier studies (e.g. Spence & Driver, 1997) . In our paradigm we also used an auditory spatially diffuse cue, which served as a neutral condition, i.e., it did not seem to emanate from a specific direction.
Method
Participants. Twelve students of the Vrije Universiteit Amsterdam (6 male, mean age 21.4 years old, ages between 18 and 28) participated in the experiment. All had normal or corrected-to-normal vision and normal hearing. Participants were informed about the experimental procedure and were naïve as to the purpose of the experiment.
Apparatus and Design. Participants were seated in a dimly lit room at approximately 80 cm distance from a computer screen (CRT, 17 inch, 120 Hz). The experiment was run in E-Prime 1.1 (SP3). To the left and to the right of the screen, a loudspeaker was placed at an angle of 18.3 degree from fixation and both loudspeakers were aligned to the vertical middle of the screen. The experiment consisted of five blocks containing 36 trials each. There was a valid condition (33% of the trials) where the auditory cue and visual target were presented on the same side, an invalid condition (33%) where the auditory cue and visual target were presented on opposite sides, and a neutral condition (33%) where the auditory cue could not be assigned to a specific location in space (but still provided the same temporal information as the other cues). All conditions were presented randomly within blocks; the first block was for practice purposes leaving 48 trials for each condition.
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Procedure and Stimuli. Figure 1 gives an example of a typical trial. At the beginning of each trial, a white fixation dot (diameter 0.2º) appeared and stayed on screen until a response was made. Participants were instructed to fixate on this dot during the entire trial and to refrain from making eye movements. After a random delay time of 400 ms to 650 ms, an auditory cue consisting of a white noise burst was presented for 100 ms. This cue came equiprobably from the left or right loudspeaker and was valid or invalid with respect to the target location, or it was neutral and came from both loudspeakers at the same time. In the latter case, two uncorrelated noise bursts were used. The cues presented through a single loudspeaker were boosted by an extra 3dB, to create the same subjective loudness as the neutral cue that was presented through two loudspeakers. Two hundred ms after the onset of the auditory cue a visual target consisting of a white dot (diameter 0.2º) was presented for 140 ms. There were four possible target locations; two locations were positioned 10.5º to the left of fixation, and two locations 10.5º to the right of fixations. The two locations at each side were positioned above each other, one 2.4º above and the other one 2.4º below the vertical centre of the screen. The target appeared at one of these four locations at chance level. The participants' task was to report in a speeded but accurate fashion whether the target appeared above or below the vertical centre of the screen by pressing the number 8 or number 2 key, on the number pad of a QWERTY keyboard, respectively. Participants responded with both index fingers and were free to choose which finger to use for which button as long as they kept it the same during the experiment. Because of the task's orthogonal design there was no need to balance out for possible motor response effects. Responses had to be made within a time window of 2000 ms after target onset. After the response, participants received feedback 13 when they had made an error -the fixation dot then turned red for 150 ms. After each trial, an interval of 850 ms followed before the next trial started. Following each block participants received feedback in the form of a percentage correct score and a mean reaction time. At the beginning of the experiment, participants were told that the auditory cues would provide no information about the location of the targets and therefore could be ignored.
Results
Premature (< 200 ms) and slow (> 1000 ms) responses (in total 1.3%) were removed from further analysis. For the remaining trials mean reaction times for the correct response trials (92.6%) were calculated for each subject for each condition. The mean error scores (valid 5.9%, invalid 8.3%, and neutral 8.1%) were also
calculated. An ANOVA on error scores with cue validity (valid, invalid, neutral) as a factor showed no reliable effect.
The current experiment shows a cueing effect similar to that observed by Spence and Driver (1997) . An extension with respect to earlier studies was that it included a neutral condition allowing separation of reaction time costs and benefits. Our results indicate that the typical costs and benefits of crossmodal cueing can be attributed to shifts of spatial attention just as in the classic way of explaining unimodal visual cueing effects (Jonides, 1981; Posner, 1980; Spence & Driver, 1996) . The explanation goes as follows: First, directing attention is a fast but not an instantaneous process. In order to direct attention, it has to be disengaged from its old location, shifted to a new location, and then engaged on this new location . When a target location is validly cued, attention is already directed to the target location prior to the presentation of the target. This results in more attentional recourses at the target location allowing for easier processing of the target. The benefit of this is reflected in a faster response relative to the neutral condition. When on the other hand a target location is invalidly cued, attention is directed to a location opposite to the target location. This results in less attentional resources being available on the target location for processing of this target, which results in a higher response time relative to the neutral condition.
The results of Experiment 1 thus show that crossmodal cueing is associated with costs and benefits that can be explained by shifts of spatial attention. As discussed in the introduction, within the visual domain these costs can be suppressed when attention is focused prior to the presentation of the exogenous cue (Mazza et al., 2007; Theeuwes, 1991; Yantis & Jonides, 1990) . In order to test whether this same principle holds for crossmodal cueing, we conducted a second experiment in which an endogenous visual cue in the form of a centrally presented arrowhead was shown prior to the exogenous auditory cue. Because this cue was a relatively small centrally presented symbol, and appeared at least 650 ms before the target, we did not expect that this cue exerted an additional exogenous effect (Jonides, 1981) . One of the consequences of using an endogenous cue with a longer cue-to-target interval is that it gives 15 participants time to make eye movements towards the target. When eye movements are made the effects are not solely produced by covert visual attention. In order to control for possible overt orienting of attention eye movements were recorded in the all following experiments.
Experiment 2: Endogenous cue 80% correct
As explained above, an endogenous visual cue presented prior to the exogenous auditory cue was used in this experiment. The cue was an arrowhead presented in the center of the screen that allowed the participants to focus their visual attention on the target location before the onset of the peripheral auditory cue. When an auditory cue does not automatically capture attention, no costs on invalidly exogenous cued trials are expected. However, when the auditory exogenous cue is still able to capture attention even when participants are highly focused on a location in space, costs on invalidly cued trials are expected. If the cueing effects resulting from the presentation of an auditory exogenous event are only due to shifts of spatial attention, then one expects no benefits of the auditory cue when presented at a location at which participants are already focused. Therefore, we expect no benefits on valid trials. To ensure that participants indeed used the endogenous cue it was valid on the majority (80%) of trials.
Method
Participants. Twelve new students from the Vrije Universiteit Amsterdam (2 male; mean age 20.7; ages between 18 and 30) participated in the experiment.
Stimuli and Design. The task was basically identical to the one used in Experiment 1 except that at the start of each trial a visual cue, an arrowhead appointing to the left or right .003) showed a significant effect. No effect for auditory neutral compared auditory invalid (402 ms) was found (t < 1).
These results suggest that the observed 2-way interaction is due to the fact that the effect of the visual cue is different in the neutral condition than in the conditions in which the auditory cue provided location information. visual and auditory cueing (F < 1).
Discussion
Even though participants focused their visual attention on a location in space prior to the presentation of the auditory cue, there was still a reliable auditory cueing effect. These effects replicate earlier results of Van der Lubbe and Postma (2005) and are in line with the results found by Mazza and colleagues (2007) . Furthermore, a strong endogenous visual cueing effect was found, confirming that the participants used this cue to enhance their performance.
When we compare the results for the condition in which the endogenous visual cue was valid with those of Experiment 1, we see that the exogenous cueing effects are similar.
When the locations of the auditory cue and target are congruent (valid cue condition) there is a decrease in RT relative to the neutral cue condition, and when the locations of auditory cue and target are incongruent (invalid cue) there is an increase relative to the neutral condition.
Thus, the data suggest that even when participants are focused on the target location they still benefit from an additional valid auditory cue. There are also RT costs in the invalid auditory cue condition, indicating that the exogenous cue is able to capture attention while attention is focused. In contrast, for conditions in which the endogenous visual cue was invalid, only a valid auditory cue had an effect compared to the neutral cue condition. In other words, when attention is focused on a non-target location, an additional invalid auditory cue (which is congruent with the invalid visual cue) has no further effect on response times. However, there is in that case a large effect of the valid auditory cue, suggesting that the exogenous cue helps participants to disengage their attention from the "wrong" location. Thus the results indicate that sounds facilitate the disengagement of attention from a location, which is beneficial when attention is needed somewhere else.
In summary we find that in both the visual valid and the visual invalid condition, auditory cues from a location opposite to the attentional focus are able to capture attention. In the case of a valid endogenous visual cue this will have a cost, and in the case of an invalid endogenous cue this will yield a benefit. In the valid visual condition we observe an extra benefit of the valid auditory cue indicating that attention was not completely focused by the endogenous cue alone. This finding can possibly be explained by the fact that the endogenous cue was only valid in 80% of the trials. Yantis and Jonides (1990) have shown that the validity of the endogenous cue strongly influences its ability to suppress exogenous cueing. In their study visual exogenous cueing effects were only suppressed when a 100% valid endogenous cue was used (see for similar results, Theeuwes, 1991). However, when the endogenous cue had a 75% validity an exogenous cueing effect was still observed. According to Yantis and Jonides (1990) , the uncertainty concerning the validity of the visual cue could have influenced the way in which participants focused their attention. If in the current experiment participants attention was not fully focused because of this uncertainty, the auditory cue could have improved this focus, resulting in better performance (see also Muller & Rabbitt, 1989) . In other words, both the observed costs and benefits can be explained in terms of attention not being completely focused before the location was indicated by the cue.
To test this hypothesis a third experiment was performed in which the endogenous visual cue was valid in 100% of the trials. When a 100% valid endogenous cue is able to fully suppress the capture of visual attention by means of an auditory cue, the exogenous cueing effect 20 should disappear. This would be in line with earlier studies showing a suppression of exogenous cueing when attention is focused endogenously Theeuwes, 1991; Yantis & Jonides, 1990 ).
Experiment 3: Endogenous cue 100% correct
In Experiment 3 a 100% valid visual endogenous cue was used, to check whether the crossmodal cueing effects found in Experiment 2 are caused by the fact that the endogenous cue was invalid in a small proportion of the trials. If top-down processes are indeed able to suppress exogenous cueing, as was shown earlier within the visual modality, we expect that this manipulation will cause all exogenous cueing effects to disappear.
Method
Participants. Twelve new students of the Vrije Universiteit Amsterdam (2 male, mean age 20.8, ages between 18 and 28) participated in the experiment.
Design. In Experiment 3 the stimuli and method for eye movement registration were identical to those used in Experiment 2, but endogenous visual cues were used that were valid in 100% of the trials. The design in terms of conditions and amount of trials (48 per condition) was identical to that of Experiment 1.
Results
Trials with eye movements (3.4%), and premature (< 200 ms) or slow (> 1000 ms) responses (0.4%) were removed from further analysis. For the remaining trials mean RTs for the correct response trials (96.2%) were calculated for each subject for each condition. The mean reaction times for each condition averaged over subjects are plotted in Figure 4 . The error bars in this figure represent the .95 confidence interval (5.9 ms) for the exogenous cueing main effect. A within-subjects ANOVA showed that auditory cueing (valid 335 ms, invalid 351 ms, neutral 343 ms) had a significant effect on the reaction times [F(2,22) = 7.836, MSE = 97.068, p <
.005]. Three Post-hoc pairwise 2-tailed t-tests between the cueing conditions were conducted.
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Valid compared to invalid (p = .008), neutral compared to valid (p = .039), and neutral compared to invalid (p = .046) were all significant.
A similar ANOVA applied to the error data (valid 2.3%, invalid 4.3%, and neutral 4.7%) showed a significant cue effect [F(2,22) = 4.256, MSE < .001, p < .05]. Post-hoc analysis only shows a significant difference between valid and neutral (p = .002), a strong trend for valid compared to invalid (p = .059), and no effect for invalid compared to neutral (t < 1).
-
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Insert Figure 4 about here the 100% valid endogenous cue should have allowed a firmer and more focused attention on the target location before the auditory cue was presented (Yantis & Jonides, 1990) . Therefore, if crossmodal cueing is based on shifting attention, we would have expected no benefits because shifting attention in response to the auditory cue is not necessary when attention is already focused on the target location. One possibility is that participants did not make full use of the endogenous cue. This seems unlikely because we already observed a significant 22 effect of endogenous cueing on response times in Experiment 2; also, response times in Experiment 3 are similar to those measured in Experiment 2 for valid endogenous cueing.
However, there is still an alternative explanation for the observed costs and benefits. Note that the current paradigm differs with respect to a further aspect in comparison to other studies such as and Theeuwes (1991) . Theeuwes (1991) showed that cueing effects disappear when there is focused attention in combination with no-onset targets. These no-onset targets in the form of figure-eight premasks (that can turn into letters by removing two of the line segments) were already on screen when the endogenous cue was presented. This allowed participants in response to the endogenous cue to focus their attention tightly on the premasks before the exogenous cue was presented. The same holds for the study by where an RSVP stream was presented during the entire trial also allowing participants to focus their attention.
Both the no-onset targets as the RSVP stream could have functioned as placeholders allowing participants to direct their attention to a predefined location in space. It could be the case that the cueing effect observed in the current experiment is the result of 'not' predefining the specific target location. In other words, the observed cueing effect could reflect merely that attention was not entirely focused on one specific location because no placeholders were present. The observed costs and benefits could then simply be explained in terms of shifts (or fine-tuning) of attention induced by the exogenous auditory cue. In order to test this notion, a fourth experiment was conducted in which placeholders were used to indicate target positions.
Experiment 4: Introducing placeholders
Experiment 4 was similar to Experiment 3 except that place-holders marking the target locations stayed on the screen during the entire trial. These placeholders enabled the participants to accurately focus their attention on the target location. If spatial uncertainty of 23 the target location is indeed the reason why exogenous cueing effects were still observed in the previous experiments, we expect that this manipulation will cause the effects to disappear.
Method
Participants. Twelve new students of the Vrije Universiteit Amsterdam (3 male, mean age 20.8, ages between 18 and 25) participated in the experiment. All had normal or corrected-to-normal vision and normal hearing. Mean reaction time for each condition averaged over subjects is plotted in Figure 5 . The error bars in this figure represent the .95 confidence interval (7.0 ms) for the exogenous cueing main effect. For the analysis a within-subjects ANOVA was used which showed that auditory cueing (valid 362 ms, invalid 373 ms, neutral 364 ms) had a significant effect on the reaction times [F(2,30) = 4.238, MSE = 140.244, p < .05]. Three Post-hoc pairwise 2-tailed t-tests between the cueing conditions were conducted. Valid compared to invalid (p = .016), and neutral compared invalid (p = .020) were both significant. Neutral compared to valid (t < 1) was non-significant
A similar ANOVA applied to the error data (valid 7.1%, invalid 6.5%, and neutral 6.8%) showed no effect (F < 1).
The results show that the exogenous cueing effect remains, but that it is now solely based on costs: valid cues yield no improvement relative to neutral cues, whereas invalid cues still result in higher reaction times. The results suggest that the effects for valid auditory cues, observed in Experiments 2 and 3 were indeed due to the fact that these cues caused an improved and/or narrowed attentional focus on the location of the impending target. We should also note that the use of placeholders allowed for a smaller vertical angle between the up and down target locations on the left and right side of the screen. This also allowed participants to use a smaller attentional focus in comparison to the previous experiments. All together, the results indicate that exogenous auditory cues can still capture attention, even when visual attention is fully focused and the target location is predefined. Apparently, the auditory cue presented at the non-target location causes attention to shift away from the target location causing a small but reliable RT cost.
So far, the results of Experiment 1 to 4 show how exogenous cueing benefits disappear when attention is focused on a valid and predefined target location. For these experiments we used crossmodal auditory cues that were compared to a neutral condition. It is important to compare this with results of visual cues obtained in identical conditions, because previous results on visual cueing are inconclusive. Recall that Mazza and colleagues (2007) showed no cueing effect for unimodal cues when target location is blocked, but they did show crossmodal cueing effects, found no unimodal and no crossmodal cueing effects on peripheral targets when attention is focused to the centre of the screen, and Van der Lubbe and Postma (2005) found both unimodal and crossmodal cueing effects when visual attention is focused on the correct target location.
Experiment 5: Visual exogenous cues
In this final experiment we wanted to determine whether the results shown in Experiment 4
would change when a visual instead of an auditory exogenous cue was used. In other words, the question is whether knowing at which location a target will appear influences unimodal exogenous cueing in the same way as crossmodal exogenous cueing. In order to test this we used the same paradigm as in Experiment 4, but we made the following changes: endogenous cueing was either 100% valid or absent (a question mark was displayed instead of an arrow), and both visual and auditory exogenous cues were presented. These factors were tested in different blocks in a within-subjects design. The conditions without endogenous cueing were included so that we could verify that exogenous cueing also occurs also in the absence of an endogenous cue. We used a modified setup which allowed us to exactly align the auditory cue with the visual targets, to prevent spatial disparities. We did this by displaying the visual stimuli on an acoustically transparent screen and by placing the loudspeakers at the exact target locations (10.5º left and right from the middle).
Method
Participants. Sixteen new students of the Vrije Universiteit Amsterdam (2 male, mean age 20.2 years old, ages between 18 and 25) participated in the experiment. All had normal or corrected-to-normal vision and normal hearing.
Apparatus. In the experiment the visual stimuli were presented on a sound transparent Mean RT per condition is shown in Figure 6 . The error bars in this figure represent the .95 confidence interval (9.8 ms) for the exogenous cueing main effect. For the analysis a within- tradeoff.
Insert Figure 6 about here
The results of this experiment show similar effects for both visual and auditory cues. - Table 1 about here
This study was conducted for three reasons: First, to investigate whether an endogenous visual cue can suppress exogenous crossmodal cueing. In other words, is exogenous crossmodal cueing an automatic process, or are top-down processes able to influence exogenous crossmodal cueing? As mentioned, the results from previous studies (Mazza et al., 2007; van der Lubbe & Postma, 2005) are inconclusive on this issue.
Second, we wanted to examine how both costs and benefits contribute to the crossmodal cueing effect. In order to test this, a neutral exogenous cue was introduced that was spatially uninformative but still provided the same temporal information as the valid and invalid cues.
Faster responses on valid conditions compared to neutral would indicate benefits, and slower responses on invalid conditions compared to neutral would reflect costs (Posner, 1980) . A neutral baseline condition has not been used in earlier studies investigating endogenous and exogenous crossmodal cueing. Third, we wanted to test whether an endogenous cue would influence crossmodal and unimodal exogenous cueing in the same way.
The first experiment not only replicated the findings of Spence and Driver (1997) but also showed that crossmodal cueing generates both RT costs and benefits. Similar to notions based on unimodal cueing (Posner, 1980) , these results suggest that cueing effects reflect shifts of attention. In the following experiments an endogenous visual cue (a centrally presented arrowhead) was presented prior to the presentation of the exogenous auditory cue.
The results from Experiments 2 and 3 showed that when attention was in a focused state, there was still a cueing effect observed consisting of both costs and benefits. (2007) by showing benefits and costs in the form of attentional capture for both valid and invalid cues respectively and how this capture strongly depends on the attentional focus prior to the presentation of these cues.
The second question, whether crossmodal cueing effects are based on costs, benefits, or both, could indeed be answered by introducing conditions with a neutral cue, and it appeared that the costs and benefits depend strongly on how strong spatial attention is focused. As stated earlier, these results are in line with the general view that cueing effects are based on shifts of attention. Remarkably, both Experiments 2 and 3 show benefits when visual attention was focused on the valid target location by means of an endogenous visual cue presented prior to the onset of the exogenous auditory cue. When benefits are indeed based on attentional shifts this should not be expected: when attention is already focused on the correct target location, additional spatial information should not result in an extra performance improvement. If anything, one would have expected additional costs because the auditory cue was presented at an eccentricity that was larger than the eccentricity at which the target was presented. In other words, presenting auditory cues from loudspeakers positioned next to a monitor could have resulted in attention being drawn to the loudspeaker location rather than 31 to the target location. Apparently this was not the case even though this was a concern when designing the display setup for this study. within-modality cueing on the actual cueing effect that was under study.
As already mentioned in the introduction there is no simple way to explain why some studies found suppression of exogenous attention and others did not. Still there are some important differences that could play a role. Most studies adopted the task of Spence and Driver (1997) that uses dots as targets which appeared in the form of onsets. This in contrast to the no-onset letter stimuli used earlier by Theeuwes (1991) . It may well be that it is easier for participants to ignore onset cues when the targets are no-onsets instead of onsets. This is consistent with the notion of contingent capture (Folk, Remington, & Johnston, 1992) stating that exogenous capture of attention by for instance an irrelevant cue depends on whether or not the cue shares a relevant feature with the target. Folk and his colleagues (1992) show that onset cues affect onset targets but not targets that are characterized by a color change. In other words, when onset targets are used, onsets become a relevant stimulus feature. As a result, the onset of the cue may automatically draw attentional resources to the cue location, which could explain the cueing effect during focused attention.
Letter stimuli were also used in task but this time in the form of a central RSVP stream on which attention should be focused. This RSVP stream presented letters at a high rate and knowing that a possible target could appear in this stream kept participants endogenously focused to it. However, an RSVP stream also tends to generate a high perceptual load which in turn might drain attentional resources required for the processing of the exogenous cues. A follow-up study by Santangelo and colleagues (2008) using a central morphing shape (instead of an RSVP stream) to manipulate purely perceptual load confirms this idea by again showing suppression of exogenous visual cueing. Taken together, both endogenous attention and perceptual load could explain the suppression of the unimodal and crossmodal exogenous cueing effect as shown by . In a recent review Santangelo and Spence (in press) discuss whether or not unimodal and crossmodal cueing are automatic processes. They evaluate exogenous cueing by means of 33 the intentionality and load-insensitivity criteria (Jonides, 1981; Posner, 1978; Yantis & Jonides, 1990) , stating that voluntary control and perceptual load should not interfere with a process in order for it to be automatic. Santangelo and Spence claim that when an RSVP stream is used to focus attention it is hard to distinguish between possible voluntary endogenous effects of the task (find the target in the stream), and perceptual load effects evoked by the information presented in the RSVP stream. Based on their findings they conclude that the capability of abrupt onsets to capture spatial attention depends on how much attentional resources are available. If one's resources are fully engaged by means of a high perceptual load task such as an RSVP stream there will probably be no attentional capture effects. By contrast, if an endogenous cue is used to voluntarily focus attention, it is likely that there will be enough resources left to process peripheral onsets that are able to capture attention. Therefore, our finding that attentional capture by means of exogenous cues cannot be suppressed when attention is focused in a pure endogenous fashion is not necessarily inconsistent with the views proposed by Santangelo and Spence (in press ).
To conclude, the results from these current experiments make clear that crossmodal and unimodal exogenous cueing of a visual target location cannot be suppressed by endogenously focusing visual attention. Even when visual attention is fully focused to a predefined target location, an auditory or visual cue coming from the opposite direction is still able to capture visual attention. When visual attention is not focused prior to the presentation of the auditory cue both costs and benefits are shown. 
